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2.1. Adsorbents and adsorbate 
7KHQDWXUDOVDPSOHVRIVLGHULWH6ORYLQN\6ORYDNLDZLWKSDUWLFOHVL]HIUDFWLRQEHORZPDQGNDROLQ5XGQtN
6ORYDNLDZLWKIUDFWLRQEHORZPZHUHXVHGIRUWKHH[SHULPHQWV7RHQKDQFHWKHLUDGVRUSWLRQFDSDFLW\DVZHOO
DVWRVLPSOLI\WKHLUXWLOL]DWLRQLQWKHG\QDPLFFRQGLWLRQVRIWKHDGVRUSWLRQSURFHVVHVWKHFRDWLQJRIWKHLUVXUIDFHVE\
0Q2ZDVXVHGDFFRUGLQJWRWKHPHWKRGRI6LYDVDQNDUHWDO7KHVDPSOHVZHUHGHQRWHGDVVLGHULWHPRGLILHG
60DQGNDROLQPRGLILHG.0
2.2. Adsorbents characterization 
7KHDGVRUEHQWVPRUSKRORJ\ZDVREVHUYHGE\ WKH ILHOGHPLVVLRQ VFDQQLQJ HOHFWURQPLFURVFRSH )(6(0RI W\SH
7(6&$10,5$2[IRUG,QVWUXPHQWVHTXLSSHGZLWKWKH(';GHWHFWRU
7KH DGVRUSWLRQ DQG GHVRUSWLRQ LVRWKHUPV ZHUH PHDVXUHG ZLWK WKH 4XDQWDFKURPH 129$  DSSDUDWXV
4XDQWDFKURPH ,QVWUXPHQWV86$XVLQJE\ WKHPHWKRGRISK\VLFDODGVRUSWLRQRIQLWURJHQDW.7RREWDLQ WKH
YDOXHRIVSHFLILFVXUIDFHDUHDSBETRIWKHVWXGLHGPDWHULDOVWKHH[SHULPHQWDOGDWDZHUHSURFHVVHGE\WKH%UXQDXHU
(PPHWW7HOOHU%(7LVRWKHUPLQWKHUDQJHRIUHODWLYHSUHVVXUH±p/p07KHPLFURSRUHYROXPHVPLFURDQGWKH
H[WHUQDOVXUIDFHDUHDSt ZHUHFDOFXODWHGIURPWKHtSORWPHWKRGXVLQJWKH+DUNLQV-XUDVWDQGDUGLVRWKHUP7KHYDOXH
RI WRWDO SRUH YROXPHVaZDV HVWLPDWHG IURP WKHPD[LPXP DGVRUSWLRQ DW UHODWLYH SUHVVXUH FORVH WR WKH VDWXUDWLRQ
SUHVVXUH 7KH SRUH VL]H GLVWULEXWLRQ ZDV REWDLQHG IURP WKH %DUUHW±-R\QHU±+DOHQGD %-+ PHWKRG IURP WKH
GHVRUSWLRQLVRWKHUP6LQJHWDO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2.3. Adsorption experiments  
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,,VROXWLRQ7KHS+RIWKHVXVSHQVLRQ
ZDVPHDVXUHGDQG DGMXVWHG WRYDOXH7KH VXVSHQVLRQVZHUH VKDNHQ IRUKRXUV WR UHDFK HTXLOLEULXPDQG WKHQ
FRQVHTXHQWO\ ILOWHUHG XVLQJ WKH ILOWHU SDSHU 7KH VXSHUQDWDQW VROXWLRQV ZHUH DQDO\]HG E\ WKH DWRPLF DEVRUSWLRQ
VSHFWURVFRS\ $$6 9DULDQ  56 7KH OLQHDUL]HG /DQJPXLU PRGHO ZDV XVHG IRU WKH DQDO\VHV RI WKH
DGVRUSWLRQLVRWKHUPV+RHWDO
$VLQWURGXFWRU\H[SHULPHQWVWKHHIILFLHQF\RIVHOHFWHGVDPSOHVLQWKHPL[WXUHVZDVWHVWHGLQG\QDPLFUHJLPH7KH
FROXPQVZHUHILOOHGZLWKPL[WXUHRI6DQG.LQWKHZHLJKWUDWLR7RFRPSDUHWKHHIIHFWLYLW\RI WKHPRGLILHG
VDPSOH WKH PL[WXUH RI 6 DQG .0 ZDV  DOVR XVHG DV DGVRUEHQW 7KH PRGHO VROXWLRQ RI S+ RI  DQG LQLWLDO
FRQFHQWUDWLRQRIPJ&X,,/ZDVSHUFRODWHGWKURXJKWKHFROXPQVGXULQJKRXUVIORZRIPORIVROXWLRQSHU
KRXU7KHFRQWLQXRXVIORZZDVHQVXUHGE\ WKHSHULVWDOWLFSXPS7KHILOWUDWHZDVVDPSOLQJHDFKKRXU IRUS+DQG
&X,,FRQFHQWUDWLRQPHDVXUHPHQW

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)LJXUHOHIW6(0PLFURJUDSKRIVLGHULWHVDPSOHPRGLILHGE\0Q2SDUWLFOHV)LJXUHULJKW(';DQDO\VLVRIVLGHULWHVDPSOHPRGLILHGE\
0Q2SDUWLFOHV

7KH PDQJDQHVH R[LGH SDUWLFOHV RI QHHGOH VKDSH DQG QRQKRPRJHQRXV GLVWULEXWHG RQ WKH VLGHULWH VXUIDFH ZHUH
REVHUYHG7KH(';DQDO\VLVFRQILUPHGWKHSUHVHQFHRIEDVLFVWUXFWXUDOHOHPHQWVLQQDWXUDODQGPRGLILHGVDPSOHDV
VKRZQLQ)LJ
7KHDGVRUSWLRQDQGGHVRUSWLRQ LVRWKHUPVRIVWXGLHGPDWHULDOVVKRZHG WKHK\VWHUHVLVEHWZHHQ WKHVHEUDQFKHVZKDW
LQGLFDWHG WKHSUHVHQFHRIPHVRSRUHV LQ WKH VWUXFWXUHV LOOXVWUDWHG LQ)LJ  DQG7KHK\VWHUHVLV ORRSVRI QDWXUDO
PDWHULDOV DUH QDUURZ7KH LVRWKHUPRI NDROLQ VKRZHG WKH H[SUHVVLYH LQFUHDVH RI DGVRUEHG JDV YROXPH DW UHODWLYH
SUHVVXUH SS ࡱ ZKLFK LV FKDUDFWHULVWLF IRUPXOWLOD\HU DGVRUSWLRQ LQPDFURSRUHV )LJ 7KH6 DQG. VDPSOHV
FRQWDLQWKHVLOLFDWHPLQHUDOSKDVHVFRQILUPHGE\;5'DQDO\VHV7KHLUFRQWULEXWLRQWRPDWHULDOSRURVLW\FDQWKHUHIRUH
EHSUHGLFWHG

)LJXUHOHIW$GVRUSWLRQDQGGHVRUSWLRQLVRWKHUPVRIQDWXUDODQGPRGLILHGVLGHULWH)LJXUHULJKW$GVRUSWLRQDQGGHVRUSWLRQLVRWKHUPVRI
QDWXUDODQGPRGLILHGNDROLQ

7KHLQIOXHQFHRIPRGLILFDWLRQRQWKHFKDQJHRIVXUIDFHSURSHUWLHVZDVLQERWKFDVHVREVHUYHGE\WKHEURDGHQLQJRI
K\VWHUHVLV ORRS%\ WKH QRQKRPRJHQRXV FRDWLQJRI VXUIDFHV E\0Q2SDUWLFOHV QHZ LQWHUSDUWLFOH VSDFHV FUHDWHG
ZLWKWKHVL]HFRUUHVSRQGHGZLWKUDQJHRIPHVRSRUHVZKDWLVDOVRLQDJUHHPHQWZLWKWKHUHVXOWVIURP6(0DQDO\VHV
7KHYROXPHRIDGVRUEHGJDVIRU60LQFUHDVHGPDUNHGO\ZKDWFRUUHVSRQGHGZLWKWRWDOSRUHYROXPHLQFUHDVH)LJ
)RU.0RQO\DVOLJKWVKLIWRIDGVRUSWLRQFXUYHLQWRWKHKLJKHUYDOXHVRIDGVRUEHGJDVYROXPHFDQEHREVHUYHG)LJ
,QDGGLWLRQWKHYDOXHVRIVSHFLILFVXUIDFHDUHDRI6DQG.LQFUHDVHGDIWHUWKHLUPRGLILFDWLRQ
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+LJKHU LQFUHDVH ZDV REWDLQHG IRU 6 7KH WRWDO SRUH YROXPH RI . IRU WKDW FDVH RI LVRWKHUP W\SH FRXOG QRW EH
GHWHUPLQHG IURP WKH YDOXH RI WRWDO YROXPH RI DGVRUEHG QLWURJHQ +XGHF  $OO VXUIDFH SDUDPHWHUV DUH
VXPPDUL]HGLQ7DEOH

 7DEOH6XUIDFHSDUDPHWHUVRIVWXGLHGPDWHULDOV
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
60    
.    
.0    

7KHSRUHVL]HGLVWULEXWLRQVRIVWXGLHGPDWHULDOVDUHLQWKHZLGHUDQJHRISRUHUDGLXVYDOXHVRIPHVRSRUHVZLWKRXWWKH
H[SUHVVLYHPD[LPXP)LJV0D[LPD IRUSRUH UDGLXVQPFRUUHVSRQGZLWK WKHGHFUHDVHRQ WKHGHVRUSWLRQ
EUDQFKHVDWSS )LJVDQGGRQRWUHSUHVHQWWKHUHDOSRUHV+XGHF


)LJXUHOHIW3RUHVL]HGLVWULEXWLRQFXUYHVRIQDWXUDODQGPRGLILHGVLGHULWH)LJXUHULJKW3RUHVL]HGLVWULEXWLRQFXUYHVRIQDWXUDODQG
PRGLILHGNDROLQ
7KHPDUNHGLQFUHDVHLQWKHYDOXHRIJDVYROXPHGLVWULEXWHGLQGHSHQGHQFHRQSRUHUDGLXVVL]HFDQEHREVHUYHGIRU
60 )LJ  ZKDW DOVR FRUUHVSRQGV ZLWK WKH UHVXOWV GLVFXVVHG DERYH  7KHUHIRUH EHWWHU DGVRUSWLRQ SURSHUWLHV RI
PRGLILHG PDWHULDOV ZHUH SUHGLFWHG )RU EDWFK W\SH DGVRUSWLRQ H[SHULPHQWV WKH LQFUHDVH RI DGVRUEHG DPRXQW RI
&X,, FDQ EH REVHUYHG LQ GHSHQGHQFH RQ LWV LQFUHDVLQJ LQLWLDO FRQFHQWUDWLRQ LQ WKHPRGHO VROXWLRQ )LJ   7KH
QDWXUDOVDPSOHVUHPRYHGDOPRVWHTXDODPRXQWVRI&X,,
7KHPRGLILFDWLRQHQKDQFHGWKHLUVRUSWLRQFDSDFLW\+LJKHU&X,,XSWDNHZDVVKRZQIRU.0LQWKHZKROHVWXGLHG
FRQFHQWUDWLRQUDQJH$WORZHULQLWLDO&X,,FRQFHQWUDWLRQVWKH.0HIILFLHQF\UHDFKHGDOPRVW7KHYDOXHVRI
PD[LPXP DGVRUSWLRQ FDSDFLW\ FDOFXODWHG IURP WKH OLQHDUL]HG /DQJPXLU PRGHO DSSOLHG WR WKH H[SHULPHQWDO GDWD
LQFUHDVHGIRUERWKQDWXUDODGVRUEHQWVDIWHUWKHPRGLILFDWLRQ)LJ7KHKLJKHVWYDOXHZDVFDOFXODWHGIRU.07DEOH
&RPSDULQJWKHDGVRUEHQWVWKHFKDQJHLQWKHLUVXUIDFHSDUDPHWHUVDIWHUWKHPRGLILFDWLRQFRXOGSUHGLFWWKHLUEHWWHU
DGVRUSWLRQSURSHUWLHVKRZHYHUWKHYDOXHVRIVXUIDFHSDUDPHWHUVDUHQRWGLUHFWO\SURSRUWLRQDOWRQ0

 7DEOH/DQJPXLUSDUDPHWHUVIRU&X,,DGVRUSWLRQRQWRVWXGLHGPDWHULDOV
6DPSOH Q0>PJJ@ b >/PJ@ R2
6   
60   
.   
.0   
Q0 – maximum adsorption capacity, b – Langmuir constant related with sorption energy, 
  R2 -correlation coefficient

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